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A NOTE ON THE DECAYS no + VV” *t

Peter Herczeg and Cyrus M. Hoffnan
“Theoretical and Meson Physics llivisions

Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Phenomenological aspects of no + VV” are consid~red. From the

existing expe?.lmental information, we deduce an upper limit

r(n” -~vv-)/r(mO +all) < 2.4 x

nisms which can give rise to th’

ratios of the order of lC-7 for

10-5 (90% C.L. ). Possible mecha-

s process are discussed. Branching

decays Into the known neutrinos

(Ve,Vl,) ~r~ found oossible. Rates comparable to the experimental

limit for decays into final states involving additional neutrinos

(majsivc or masslcss) cannot bc ruled out.

* Nor ii!Illpp(ll”i,f”thy tll(’ u , 5, lhpd rtmvtltof I“ncrfly



The decay of the nel’tral pion into two spin 1/2 neutral particles is

an interesting one, since momentum and angular momentum conservation admit

only final states in which the felicities of v and v“ are tho same. Conse-

quently, no + v; is forbidden if v is a massless Weyl neutrino. Hence,

the observation of no + vv- would imply either the existence of neutrino

states of both felicities, or that lepton number is not conserved, or both.

The purpose of this note is to present an experimental upper limit for

the branching ratio of no -~VV”, implied by the available data, and te con-

sider the possible mechanisms and corresponding rztes for this decay. 1) ~JIQ

shall discuss here in detail only the case when v“ = ;, wlwrc v !s any of

the known, or ypt to be discovered neutrinos (with mass m < ‘n”), /Is dis-

cussed above, more general final states may also be involved in

Z r(n” +vv”). Also, sincew” +vV is forbidden for a m~ssless Weyl
(vV”)

neutrino, we shall assume in the followlng that v is a four-componcn~ fernilon.

pair

The most general matrix element for m‘-decay into a neutrino-anti ncwtrino

can he written as

M(~rO-~v;) = C~y5V + idti-v , (1)

where c and d arc constants, The amplitude c is P and CP.,conscrving, while

the d-term violates both Patld CP. The dcctiy rate is givrn IIY

(?)
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degree of c~rtainty. A possible approach is to look for ~“+vv” following

K+ + w+no de, YS. 2, The K++ T+ITo decay mode, with a branching ratio of 21%,

is a suitable .nurce of tagged neutral pions. K++ ntn” is signaled by a K+

decaying at rest. into n+ with a kinetic energy of 108 MeV.

Past experiments
3,4,5)

which searched for the process K+ + v~vv” speci-

fically sought to exclude events with IT+ kinetic energies in the vicinity of

108 MeV, so as to eliminate the background caused by those K+ + n+ro where

the no decay products were not detected. Two of the experiments 3)
completely

eliminated K+ + n+ITO candidates by accurately measuring the m+ momentum. Two

4’5) determined the n+ energy by measuring the IT+range andother experiments

restricted the kinetic energy to 60 MeV < Tm+

117 MeV c Tqr+~ 127 McV. However, the spread

implies ttlatthe detection efficiency for 108

K+ -~IT+IIo)was non-zero, In Ref. 5, a prescr’

an upper limit for I’(K+-*n+vv”)/l’(K+ + ~r+no)

c 105 MeV and

in the m+ range due to straggling

MeV n+’s (and consequently for

ption is given for colclllating

from the data of Refs. 4,5 for

any given 11+spectrum. Using a delta function ilt108 MeV for the spectrurl,

wc find

1: 1“(~10+ vv’)/I’(?1°~ all)G~i!’(K+ ~ 11+[108MeV]vv-)/l’(K+ -’11+71C) (3)
(\Iv*)

afldas d consequence

Thic

}: 1’(110 ~ v\l’)/l’(llo ‘ all) < 2,4 x 10-5 (90;;C.I,,) . (4)
(,),/)

iIppMrs to hr the hcst limit onc can @xt.ract from the exi:;tinq d~ta.

-3-



where ~A= 1 -- P=l-
~(uYpY5u - ~yPy5d), J ~(uiy~u - ~iysd), and gm, Spp. gp~

P

are constants characterizing the strength of the corresponding terms relative

to 2-%G (G= 10-5m~2) .

The To + VT amplitudes stemming from Eq. 5 are

Qnmn G112
Cmc +C

A P= 2~gAAPA+; gPPpD
(6)

(7)

where PA and Pp are deffned by

(8)< ol$lTO(p)> ❑ m#App

<OIJplmO(P)> ❑ -im~pp . (9)

The constant PA is related to the charged pfon decay constant fm

(deffned by ~ 01TYI,Y51J111+(P)> = f,,Fl,)as PA = f7r/mT= = 0.7. op can be

related to PA Using the relatfon # -+Ay5q ❑ 2mq ~fysq , Onu ffnds

Op (lo)■ f)Am,r/(mu+ Ind) -8 0

6)
where we have used mu = d.? MeV, md = 7.5 F!cV far the quark Imsscs.

Thus, we obtain

c = (2 x 10-7)gAAnl/mll~“(1.2 x 10-G)gpp (11)

d M (1,2 X 10-s)g~p , (12)

whfch gfvcs (usfng 1’(110 L all) .’ 7,8 eV) a branching ratfo

B(n” + vU) - (9.4 x 10-7) K [(gpp + 0.2 ~Mm/m,,)’ + I.’~ljp]. (13)

-4.



Consequently,

the effective

[K(9PP ‘+

the experimental limit (4) constrains the strength of

interaction respol.sible for any possible v; channel to satisfy

0.2 gAAm/mm) 2 + K2g;p] ~ 5 . (14)

Note that in the presence of gpp and/or gSp, B(mO +v;) would not vanish

even for massless neutrinos.
7)

Could the strength of the interaction terms involved be as large as

required to saturate this limlt? For the axial-vector term, evidence from

neutral-current neutrino experiments supports the value gAA = 1 correspond-

8’9) These experimentsing to the prediction of the Weinberg-Salam model.

10) the S,P couplings, ifalso indicate that (far the known neutrinos)

11,12)
present, are weaker than the V,A terms, obeying approximately the bounds

19pp19 19spl f 0.3 . (15)

Withgpp = g5p ‘ 0.3, gM = 1, the branching ratio would be

B(mO ‘Ev;) - 1,7 ~ 10-7 (16)

forOZm5 30 MeV and then decreasing gradually with increasing m. For

v, and other yet to be discovered neutrinos, values of gpp, gps exceeding

the bounds (Eq. 15) cannot tie,cf course, ruled out.

In the framework of unified gauge theories of the weak and the clectro-

maqnctic Intcrdctlons, 110 .-”A vw could occur at the tree level via neutral

gauge II(JSOIIcxchangc. (leading to the g,q,l-termirl Eq. 5) and also throuqh

thr exch,lngr of n[’utrnl Hiqgs musons (giving rise to the gpp and gsp terms),

In the simplu~t version of the Wcinbcpg-S,’lnulmodel, the ncut.rinos nrr taken

lo bc n]i,sql(’ssl~lft-hnndpclfcrmions. As dlsc(ls:;r?d Carllcr, ‘;Io > vu would

thpn bp ,IIIrolut.Plyforhiddon, To acconwnodntc n)iIsI+ivc ncutrlnoq, the sfmplc$t

modificntioll of th(I mil]imll w)dcl is t,o iIssfgIl the rfgl)t-ll,lrld~(f compnncnts

-5-



‘3) The right-handed neutrinosto SU(2) singlets with zero weak hyperchange.

are then absent from the SU(2), x U(1) gauge interactions.
14)

L

The To ~ w-amplitude due to Z-exchange
15)

in (Eq. 6) with g~ = 1, leading to a branching

BZ(no +ti) = 3x 10-8(1 - 4m2/m~)%(m/m~)

is given by the CA term

ratio

.

The

ma

For

decay rate as a function of the neutrino mass has a broad maximum at

m=/fi ❑ 55 MeV with a branching ratio13)

BZ(lTo+v~; m =

Ve and Vv, BZ(ITo

v (m
T VT

c 250 MeV)’6)

(17)

55 MeV) = 2.8x 10-9 . (18)

+ v;) is completely negligible. However)

and any further possible neutrinos could lead to a decay

rate comparable to (Eq.18). The interpretation of a positive experimental

result in terms of a neutrino mass would not, however, be unambiguous in

view of possible other decay mechanisms. Even if the right-handed components

had no gauge interactions, four-component neutrinos would, in general, be

expected to couple also to }Hggs mesons. In the simplest SU(2)L x U(1) model

with only one Hlggs doublet, the Higgs couplings are proportional to the mass

of tho fcrmion involved, and the liiggsmesons cot~plcto sc?lar rnthcr than

pseudoscalar fermion densities, which would have no effect on no “’vi.

If, howcvor, more than onc l{iggsdoublet exists (which may even b~

necdssdry for various thcorotical reasons)17) pscucioscalarcouplings may

also be prcst?nt,contrihutirlgto IIo ‘ vi decay. Also, in the prcscncc of

more douhict:, the st.rongthof the Iliggscouplings may PO lorlgrrhc govcrnccl

by the fcrmion nmzr involvocl,npcning up the possibility of stronqcr couplings,

~irliIlly,th~ S(](?)LX U(l) IIlod(?l Old.v k ~~rt Of iIL!l(!OrY ~JiIS(?d orl ii liIrgPr

i’lilVOrgroup inVOIVlnfJilddit!orl~ll!iqg~lm!solls,Wif’ha Variety of pnssihlo

couplir]g%,

-6-



He shall parametrize the relevant Hlggs-neutrino couplings as

follows:

Thus,

gPP = 2 fvm(fumu - fdmd)/(m~- m;) #

and

%P ❑ ~ fj m(fumu - fdmd)/(m#- m;) .

(19)

(20)

(21)

We shall consider two special cases for the parameters f:

1. Standard Higgs Couplings: fv = f; = fu = fd = 1.——

In this case, gpo = g~p = h(mu - md]/(m# - mfi). These give, in general,

negligible contributions to B(n” + v;). They are comparable to the axial

vector contribution (with gAA ❑ 1) only in the unlikely event when

‘H

2.

=m lr“

Hjgs Couplfn~s Proportional to Some Large Fcrmion Masses Present—..— ... .— — —.

in the Thro~: 18)
—— -.—

Thus, fv = ML/m, f; = M@ fU = MQ/mu, fd = M~/md~

and gpp = 2ML(MQ- “~)’(n’~r- ‘~)’ ‘SP ‘ 2M[(MQ- M~)/(m7 - mi) .11

As socn from Eq. 13, the pswdoscalar contribution to TQ -~w-would cxcccd

a contribution from th[ iixfal-vectorcoupling (with gAA ❑ 1) for

2F!L(MQ- M~)/(111~ - m;) :S7 X 10-’. For not unrcasonahlc valIIPs of masses,

mli-I10 GOV, ML - 2 (Ml, IMQ - tl~l- n GcV for example, the 110 “~ v~branch.”

ing ratio coulrlix:(Islnrgc as the [~xpcctedphonomcnologfcnl upper hound

(16) for thr known uoutrlnn~. For Iifggsnwsons cnuplcd to ncw neutrinos,

-7-



larger values

smaller Higgs

be excluded.”

of 9pp9 9sp (corresponding to larger fermion masses and/or a

mass) and thus, a larger branching ratio for no + w- cannot

A new type of experiment could lead to a more sensitive search for

lrQ+=. The K++T+mo process would be established by accurately measuring

the n+ momentum in a magnetic spectrometer and by detecting the m++ V+ + e+

decay chain. NaI detectors surrounding the stopping target would detect the

be known, the NaI inefficiency, ss

by comparing the number of wents

with only one photon detected. In

electromagnetic decay products of the To with extremely high efficiency.

Since the IToenergy and direction would

a functi~n of energy, could be measured

with two photons detected to the number

this way, it can be established if events with no photons detected are due

to detection ineff~ciencies or clueto no + w-decays. A sensitivity of

below 10-7 appears feasible.

The reaction ~p+ m+m-m0 has also been suggested13) a; a source of

tagged Tots. This scheme is probably more complicated, requiring the

momenta of the ~, n+, and m- to be measured with high precision. In either

case, it is probably the NaI inefficiency which would limit the attainable

sensitivity.

To summarize, we have cuns; ~ered To + v; in the presence of contribu-

tions from both gauge bosons and Higgs mesons. Observation of a branching

ratio larger than 2.0 x 10-9 might imply the presence of Higgs contributions

with couplings stronger than the standard ones. With not unreasonable

values of the Iiiggscouplings, the w“ ~ v; branching ralio could be compar-

able to the expcrimcntfillimit we have dcducccifrom the existing data. It

appears fcnsiblc to scorch for lr”-~v;with improved sensitivity.

-8-
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